Background: Indian soldiers serve in extreme climatic conditions at uninhabitable altitudes. Only few studies and case reports have described various thrombotic disorders in soldiers serving in high altitude (HA). It is postulated that there is activation of intravascular coagulation cascade and factors such as low temperatures, dehydration, polycythemia, stress, and hypoxia have been implicated. Aim: To study the spectrum of thrombotic disorders occurring in soldiers serving in high-altitude areas (>10,000 feet). Setting: The study was conducted at a tertiary-level referral centre for troops deployed in HA regions. The study involved a retrospective analysis of records of patients presenting with thrombotic disorders while being posted to HA. The duration of the study was between February 2012 and March 2014. Materials and methods: Diagnosis, patient particulars, all investigations (including the thrombophilia workup), and treatment given were recorded. Patients with any pre-existing diseases were excluded from the study. Descriptive statistics were used for data analysis. Results: Totally, 69 male patients were presented with thrombotic disorders during the study period. Only 30 (43.4%) patients had pulmonary embolism, 18 (26%) cerebral venous thrombosis, 9 (13%) acute coronary syndrome, 7 (10.1%) deep vein thrombosis, 4 (5.7%) arterial stroke, and 1 (1.4%) had retinal vein thrombosis. An estimated 14 (20.2%) were smokers and 3 (4.3%) patients were highlanders. The procoagulant workup was positive in 10 (14.4%) patients, and 34 (49.2%) patients had polycythemia. The mean duration of stay at HA was 5 ± 2 months. There was no mortality. Conclusion: Only 14.4% of patients showed prothrombotic states. The role of causative factors and the unknown prothrombotic condition in HA needs further investigation by trials involving a larger study population.
IntroductIon
Deployment in extremes of high altitude (HA) in the Himalayas is an exclusive challenge to which Indian troops are exposed. 1 The extremes of climatic condition at HA such as low oxygen and low temperatures are detrimental to human survival but detailed implications have not been validated till date by clinical trials. Troops are more vulnerable to adverse health outcomes in such extreme conditions because, by virtue of being deployed in a conflict zone, they are also exposed to physical and psychological stress, dehydration, dietary restrictions, and prolonged immobilization. HA-related illnesses (including thrombotic disorders at HA) are not well studied despite finding mention in various case reports and isolated observational small studies. A variety of thrombotic disorders have been reported in troops serving in high altitude, ranging from deep vein thrombosis, portal vein thrombosis, and to pulmonary embolism. 1 -3 It postulated that in the absence of hereditary prothrombotic states, conditions such as hypoxia, extremely cold temperatures, prolonged immobilization, and dehydration are major risk factors for increased vascular thrombosis in HA. Moreover, in soldiers deployed in such areas, the role of psychological stress and dietary deficiencies is also implicated by some authors. As a result of these known and some unknown risk factors, there is activation of intravascular coagulation cascade and hence the various thrombotic presentations. 2 , 4 , 5 We studied 69 consecutive patients presenting with thrombotic disorders at a hospital, which serves as a tertiary-level referral centre for the soldiers being evacuated from high-altitude regions of northern India.
MAterIAls A n d Methods
The study was conducted at a tertiary-level referral centre for the troops deployed in high-altitude (HA) regions in northern India. The study involved retrospective analysis of records of consecutive patients presenting with various thrombotic disorders while being posted to HA (>10,000 feet) and presenting between February 2012 and March 2014. Approval of Institutional Ethical Committee was taken. No consent was needed from the patients as the study only involved analysis of records. Patients with any pre-existing diseases were excluded from the study. Detailed clinical data of patients (including place of residence, smoking history, and pre-morbidities) were recorded. Diagnosis, patient particulars, all investigations (including the thrombophilia workup), and treatment given were recorded. Patients with any pre-existing conditions which predispose to increased thrombosis were excluded from the study. Descriptive statistics were used for analysis of the data.
Routine hematological and biochemical parameters (including lipid profile and blood sugar) were recorded. Pulmonary embolism (PE) was diagnosed by pulmonary CT angiography, cortical venous thrombosis (CVT) by MR venography, stroke by MRI brain, acute coronary syndrome by ECG and troponin evaluation, deep vein thrombosis (DVT) by limb Doppler, and retinal vein thrombosis by fluorescein angiography.
Investigations to detect prothrombotic states were done at presentation and after 6 months of therapy. Prothrombotic state workup included antinuclear antibodies (ANA), rheumatoid factor (RF), anticardiolipin antibody (ACLA), protein C and S and antithrombin III deficiency, as well as antibodies to hepatitis B and C and syphilis. All patients were provided therapy by concerned specialists as per standard guidelines.
results
A total of 69 male patients were presented with various thrombotic disorders during the study period. There were no females in the patients.
Mean age of the patients was 31 ± 4.2 years. Baseline patient characteristics are tabulated in Table 1 . An estimated 14 (20.2%) were smokers and 3 (4.3%) patients were highlanders. The mean duration of stay at HA was 5 ± 2 months. The mean altitude of deployment was 11,830 ± 320 feet, ranging from 10,000 feet to 21,000 feet.
Of the 69 patients, 30 (43.4%) patients had pulmonary embolism, 18 (26%) had cerebral venous thrombosis, 9 (13%) had acute coronary syndrome, 7 (10.1%) had deep vein thrombosis, 4 (5.7%) had arterial stroke, and 1 (1.4%) had retinal vein thrombosis. Table 2 depicts various thrombotic diseases seen in our patients.
Procoagulants workup was positive in 10 (14.4%) patients and 34 (49.2%) patients had polycythemia (Hb > 17 g/dL). Table 3 describes various prothrombotic states detected in our patient.
Of the total patients, 3 (30%) had hyperhomocystinemia, 3 (30%) had antithrombin III deficiency, 2 (20%) had protein S deficiency, 1 (10%) had protein C deficiency, and 1 (10%) patient was ANA positive. None of the patients tested positive for anti-cardiolipin antibody.
dIscussIon
Our study is a retrospective analysis of records of soldiers who are presented with thrombotic diseases while being posted in HA regions. Despite limitations of the study design, our study has brought out the fact that arterial as well as venous thrombosis occur at an increased rate in soldiers deployed in HA regions. Moreover, these soldiers are young and have high physical fitness standards and are generally free from any chronic ailments or functional limitations. A detailed basic physical fitness medical examination is held for such troops before recruitment into military service as well as before induction into high-altitude regions. To the best of our knowledge, there is no other study in the India that describes the constellation of thrombotic disorders in soldiers while posted in high-altitude areas. Our study has revealed that hereditary prothrombotic states do not play a major role in causation of high-altitude-related thrombosis as only 14.4% patient had positive prothrombotic state screening. Similar results were also seen in high-altitude-induced pulmonary embolism by Dutta et al. 2 A previous study has shown that hereditary prothrombotic states were seen in about 30% of patients who had pulmonary embolism without exposure to high altitude. 6 A low prevalence of prothrombotic states in our patients is explained possibly by the fact that our study had young healthy serving soldiers who were free from any chronic ailments.
These serving young soldiers are highly selected men who are considered free from any mental or physical ailments. However, being deployed in warzones with harsh climatic conditions and away from family members do predispose to mental stress. Mental stress has been implicated in occurrence of thrombosis at higher rates associated with higher D-dimers level and increased sympathetic activity. 7 Though the militaries of all nations provide scientifically designed meals to their troops to cater for body requirement in such harsh conditions, there is still a lack of fresh fruits and vegetables and dehydration has been suggested to contribute toward accelerated thrombosis. 8 Hypoxia is another important factor believed to be responsible for increased thrombotic manifestation at HA. Hypoxia causes activation of intravascular coagulation cascade and also leads to polycythemia by stimulating erythropoietin. 9 , 10 Limitations of our study is small sample size and only male population. A well-designed trial with a larger sample size is suggested by authors to investigate into high-altitude-related thrombotic diseases. conclusIon Both arterial and venous thromboses definitely occur at a higher rate in HA areas. Hereditary prothrombotic states are seen to be responsible for such thrombosis only in minimal cases. The role of low temperatures, diet, stress, hypoxia, etc., in thrombosis needs investigation. The unknown prothrombotic condition in HA need to be further studied by well-planned trials involving a larger study population.
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